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The process of global climate change has been associated with an increase in the frequency of climatic disasters. Yet, there is still little systematic evidence on the macroeconomic costs of these episodes. This paper uses panel time-series techniques to estimate the short and long-run impact of climatic and other disasters on a country's GDP. The results indicate that a climate related disaster reduces real GDP per capita by at least 0.6 percent. Therefore, the increased incidence of these disasters during recent decades entails important macroeconomic costs. Among climatic disasters, droughts This paper-a product of the Growth and the Macroeconomics Team, Development Research Group-is part of a larger effort in the department to understand the impact of external shocks and of the process of climate change. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at craddatz@ worldbank.org.
have the largest average impact, with cumulative losses of 1 percent of GDP per capita. Across groups of countries, small states are more vulnerable than other countries to windstorms, but exhibit a similar response to other types of disasters; and low-income countries responds more strongly to climatic disasters, mainly because of their higher response to droughts. However, a country's level of external debt has no relation to the output impact of any type of disaster. The evidence also indicates that, historically, aid flows have done little to attenuate the output consequences of climatic disasters.
Introduction
Shortly after hurricane Katrina hit the US Gulf Coast in August 2005, risk-modeling companies raised their estimation of the probability of a similar event from once every 40 years to once every 20 years, as a result of the warming of water temperatures in the North Atlantic Basin. This reassessment of the likelihood and severity of climatic disasters is not particular to the US and has taken place all over the world, as concerns about the consequences of global warming on world climate have increased in recent years.
Despite the increased interest in the consequences of climate change for the incidence of natural disasters, there is little systematic evidence on the macroeconomic consequences of these events that could provide a sense of the magnitude of the challenge. Existing evidence mainly consists of policy analyses based on simple correlations in a limited number of case studies (see for example Albala-Bertrand (1993) , Otero and Marti (1995) , Rasmussen (2004) ) and on cross-country growth regressions (Skidmore and Toya (2002)). Although case studies can be insightful, they cannot isolate the impact of a disaster because they do not control for other simultaneous shocks. Also, the limited number of cases casts some doubts on the generality of the conclusions, and the selection of the cases, which is not random, is another source of concern. Cross-country growth regressions address some of these concerns but lack explicit dynamics, so their results are not informative of the shortrun eect of disasters, and the methodology suers from the standard criticisms associated with the possibility of omitted-variable bias, and additional problems resulting from the need to aggregate disasters across time. Outside academia, the proprietary models used by the insurance industry, while highly detailed, focus only on the insurance losses of specic events, mostly on developed countries. This paper quanties the macroeconomic consequences of climatic and other disasters in developing countries using a unied framework based on a vector auto-regression (VAR) model. Under the uncontroversial assumption that natural catastrophes are exogenous to a country's short-run performance, this approach provides estimates of the average impact on GDP of several types of disasters at various frequencies. Because of the short time-dimension of the series available, most of the analysis uses panel autoregressive distributed lags (PARDL) and panel vector autoregression (PVAR) models that restrict the response of various groups of developing countries to be identical. 1 This methodology provides an estimate of the output cost of a given type of disaster on a typical country within a group, which can be used as a starting point in the evaluation of the overall costs of an increased likelihood of these events, such as resulting, for instance, from climate change.
The analysis conrms that the incidence of climatic disasters has increased during the last four decades, and indicates that natural disasters, especially climatic ones, have a moderate but signicant negative impact on real GDP per capita. A conservative estimate of their macroeconomic cost is that a climatic disaster aecting at least half a percent of a country's population, which in the whole sample period occurs once every four years, reduces real GDP per capita in 0.6 percent.
Therefore, the increase in the incidence of these disasters observed in the data can entail non-trivial macroeconomic costs. For instance, with the average incidence post-1990 of one climatic disaster every three years instead, these disasters would reduce GDP per-capita in 2 percent over a decade.
The ndings also indicate that, historically, ows of ocial development assistance (ODA) do not importantly attenuate the output consequences of climatic disasters. Explicitly considering ODA in the model only reduces the output impact of climatic disasters from 0.77 to 0.63 percent of per capita GDP, and this reduction is not statistically signicant.
Among climatic disasters, droughts have the largest average impact, with cumulative losses of 1 percent of GDP per capita. Extreme temperatures also have a large average impact of 5 percent of GDP per capita, but results for this type of climatic disaster are based only on a sample of 12 countries. Other types of climatic disasters, such as windstorms (e.g. hurricanes and cyclones) and oods do not have a signicant impact when looking at the broad set of countries aected by any type of climatic disaster.
Across broad disaster's categories, small states are not signicantly more aected than larger countries. However, wind storms have a larger estimated impact on small states than other countries.
Among small states, windstorms typically result in a 3 percent decline in per capita GDP, while they have virtually no impact on larger states.
Output in low-income countries responds more strongly to climatic disasters. Among these countries, a climatic disaster results in a 1 percent decline in per-capita GDP that is also statistically signicant at the 10 percent level during the initial years. In contrast, among middle and highincome countries, climatic disasters result in output losses of 0.5 and 0.25 percent, respectively. This larger response of low-income countries to climatic disasters is mainly due to the large output impact of droughts on this group, which reaches 2 percent of per capita GDP. In contrast, there is no signicant response to any type of disaster (climatic and other) among middle and high income countries.
The level of external debt has no relation to the impact of any type of disasters. Output losses for climatic disasters are almost identical for countries with low, medium, and high initial levels of debt. Distinguishing among dierent types of climatic disasters (droughts, extreme temperatures, oods, and windstorms) does not change this conclusion; for no type of climatic (and non-climatic) disaster there is a clearly dierential response among more indebted countries.
This paper contributes to a long literature that has aims to estimate the economic consequences of natural disasters. A large part of this literature relies on simple correlations arising from a limited number of case studies (see for example Albala-Bertrand (1993) and Otero and Marti (1995) ). This approach permits focusing on the details of a particular event, but cannot isolate the impact of a disaster because, by construction, cannot control for other simultaneous shocks. For instance, disasters may be followed by aid ows that attenuate their macroeconomic consequences. Also, the limited number of cases typically analyzed (26 cases in Albala-Bertrand (1993) ) also casts doubts on the generality and external validity of the conclusions. A dierent strand of this literature has started to use broad recently-available data sources to provide systematic evidence on the macroeconomic impact of disasters. Skidmore and Toya (2002) study the long-run growth consequences of natural disasters using data on the incidence of several types of disasters on a large sample of countries.
They use cross-country regressions to determine the relation between the incidence of disasters (measured as the total number of disasters per land area) and growth, and nd a positive eect of climatic disasters and a negative eect (although not always signicant) of geological disasters.
Although the paper controls for several country characteristics, the possibility of omitted variable bias and endogeneity cannot be ruled out in this setting. 2 To overcome some of the problems associated with the cross-country approach, other papers have exploited the within country, time-series variation in the occurrence of disasters. Ramcharan (2007) , and Noy (2009) use standard dynamic panel specications to estimate the impact of disasters on various aspects of macroeconomic performance. Ramcharan (2007) estimates the dierential impact of earthquakes and windstorms in 120 countries with xed and exible exchange rate regimes during the period 1961-2000 to test the hypothesis that a exible exchange rate helps smoothing real shocks. Noy (2009) uses similar data to estimate the short run impact of disasters on growth controlling for the magnitude of a disaster and to relate the impact to structural characteristics such as the quality of institutions, nancial development, and human capital. The close relation of these papers with the dynamic panel literature leads them, however, to not fully exploit the time variation of the data and to rely on restricted functional forms and identication assumptions. In particular, they impose the lag structure instead of deriving it from standard lag tests, assume rst dierence stationarity instead of testing for the stationarity of the variables, and rely on some controversial identication assumptions: exogeneity of exchange rate regimes in the case of Ramcharan (2007) and predeterminedness of variables (which is sensitive to the lag specication) in the case of Noy (2009) . A recent paper by Raddatz (2007) addresses some of these problems using standard timeseries techniques in a PVAR model, and relying on identication assumptions based mainly on the exogeneity of external shocks. However, this paper studies the impact of a broad set of external shocks and, therefore, treats natural disasters in a highly parsimonious manner that disregards part of the information contained in specic types of shocks and also group disaster prone countries with those that have never experience these types of episodes. This paper contributes to this literature by providing systematic evidence on the output cost of natural disasters coming from a large and comprehensive set of dierent types of catastrophes on a large sample of countries and over an extensive period of time, applying standard time-series techniques that exploit mainly the within-country time series variation of the data and provide a natural manner of assessing the short and long run impact of disasters, and only relying on relatively uncontroversial assumptions about the exogeneity of disasters from within country output uctuations. This paper also relates to several recent articles that study how the impact of disasters vary with a country's structural characteristics or stage of development. Toya and Skidmore (2007) study the relation between various country characteristics besides income and the expected mortality and losses (as fraction of GDP) caused by natural disasters in a sample of 151 countries between 1960 and 2003, nding that higher educational attainment, greater openness, a strong nancial sector, and smaller government were associated with a smaller cost of disasters. Benson et al. (2004) argue on theoretical grounds that the impact of disasters is the highest among middle income countries, where sectors are more interconnected than in poor countries but lack the coping mechanisms available in rich countries. These predictions are partially supported by evidence from Kellenberg and Mobarak (2008) , who show that the relation between income and the deaths arising from oods and windstorms has an inverted U-shape. This paper contributes to this literature by providing complementary evidence on the costs of disasters across dierent groups of countries.
Finally, the paper also relates to the new empirical research on the macroeconomic consequences of climate change, in particular, to Dell et al. (2008) , who estimate the impact of changes in temperature on growth at annual frequencies, and nd that temperature increases have a signicantly negative eect on growth in poor countries. The evidence on this paper complements Dell et al. (2008) , by showing that droughts and extreme temperature episodes, those most likely related to rising temperatures indeed have a stronger impact on low income countries.
The rest of the paper is structured as follows. Section 2 describes the data sources, the main variables to use and presents summary statistics for the incidence of natural disasters around the world. Section 3 presents the empirical methodology used in the paper to estimate the output consequences of natural disasters. Section 4 presents in detail the main results of the paper. Section 5 concludes.
Data
Data for natural disasters were obtained from the Emergency Disasters Database (EM-DAT) maintained by the for Research on the Epidemiology of Disasters (2008) (CRED). This is a comprehensive database that includes data on the occurrence and eects of over 12,800 mass-disasters in the world since 1900, and is compiled from a diversity of sources. As a general principle, to enter into the database an event has to meet any of the following conditions: there are ten or more people reported killed; there are 100 or more people reported aected; a state of emergency is declared; or there is a call for international assistance.
The data contain information on various types of disasters that I classify in three broad categories. Geological disasters include earthquakes, landslides, volcano eruptions, and tidal waves. An important characteristic of this type of events is their unpredictability and relatively fast onset. The second category is climatic disasters. This category includes oods, droughts, extreme temperatures, and windstorms (e.g. hurricanes). Compared to the previous category, some of these disasters can be forecasted well in advance (so precautions can be undertaken) and have a relatively long onset.
Since these are the disasters whose incidence is most likely to be aected by the ongoing process of global climate change, I also consider them individually in the analysis. The nal category is a residual group that includes famines, epidemics, insect plagues, wild res, miscellaneous accidents, industrial accidents, and transport accidents. 3 In each category, the incidence of disasters is measured by counting the annual number of events that classify as large disasters according to the following criteria established by the International Monetary Fund (see Fund (2003) ): the event either aects at least half a percent of a country's population, or causes damages to the capital stock, housing, human lives, etc. of at least half a percent of national GDP, or results in more than one fatality for every 10,000 people.
Starting from this variable, I also construct a dierent measure that not only counts the number of disasters but also takes into account the month of the year when a disaster occurs, in a manner similar to Noy (2009) . This allows disasters occurring early in the year to have a dierent contemporaneous impact that those that happen near the end of the year. This is basically a renormalization of the incidence measure described above, since just counting the number of disasters yields an estimation of the output costs of a disaster occurring at the sample mean date during the year. Taking into account the date of occurrence, produces an estimate of the output cost of a disaster occurring January 1st.
Since the main goal of the paper is to estimate the impact of natural disasters related to the process of climate change, the analysis focuses on the set of countries that has experienced at least one large climatic disaster since 1950. This group of countries is shown in Figure 1 , which maps the incidence of climatic disasters in the world (average number of disasters per year in each country, divided in four quartiles). It shows that these disasters occur across the world but tend to be more heavily concentrated in countries located around the Indian and Pacic oceans, probably related to the inuence of El Niño. Figure 2 displays similar information as Figure 1 , but separately for each type of climatic disasters (Panels A to D). Here the geographic clustering of various types of disasters is more evident. Wind storms tend to occur more frequently in the Caribbean, the Bay of Bengal, and around the East China Sea. Sub-Saharan Africa is mainly aected by droughts, and to a lesser extent, by oods, which are also frequent in Latin America. In contrast, extreme temperatures are concentrated in Europe, with some incidence also in Australia and South America.
There has recently been much discussion about the impact of the process of global warming on the incidence of natural disasters around the world. Figure 3 shows that the data indeed exhibits an increase in the incidence of climatic disasters during the last four decades. The average world incidence of climatic disasters (disasters per country) has increased from 10 percent in the early 1960s to about 30 percent in the late 1990s (Panel B). This is not the case for geological disasters that are not related to the global warming process (Panel A), so this trend is not purely caused by an increase in the frequency with which disasters are recorded in the database. For the residual 3 Some of these events, such as famines, may be endogenous and related to the incidence of other truly exogenous disasters. Other, such as industrial accidents, are not natural disasters. They are included as a broad way of controlling for other episodes that may occur simultaneously to some of the disasters under analysis. The results are largely unchanged if this category is excluded or restricted to include only the most clearly exogenous events.
category that includes famines and wild res (which are indirectly related to the climate) there is also an increasing, albeit less sharp trend. This increasing incidence of climatic disasters is not concentrated in a few countries but is a prevalent phenomenon. In fact, in almost all countries the average incidence ( 
Methodology
The output impact of natural disasters across countries is estimated using a panel autoregressive distributed lags (PARDL) model that relates current output to its lagged values, and to contemporaneous and lagged indicators of the occurrence of various types of natural disasters. For a given country, the baseline specication of the model corresponds to
where y i,t is the (growth of) real GDP per capita (in constant 2000 US dollars) of country i at time t, and, in our baseline specication,
is a vector of variables capturing the occurrence of geological, climatic, or other disasters, as described in the previous section. However, the impact of dierent types of climatic disasters will also be separately estimated, in which case
where W IN D, F LOOD, DROU GHT , and T EM P are indicators of the incidence of wind storms, oods, droughts, and extreme temperatures, respectively. The parameters θ i and θ t are country and year xed-eects that capture long run dierences in growth across countries and the impact of global factors that are common to all countries in the sample and can be understood as the world business cycle. The residual term i,t corresponds to an error term that is assumed i.i.d. The number of lags q is assumed to be equal in both summatories to ease comparison with the panel VAR described below. Relaxing this assumption does not importantly change the results.
In addition to the baseline specication described above, I also estimate models that control for the potential output impact of other external shocks. Since the specication described in equation
(1) already controls for common global factors in a non-parametric way (through the time xedeect), these additional external shocks only include country-specic, time-varying variables. In particular, I estimate versions of the model above that control for the impact of terms-of-trade, aid ows, and real exchange rate shocks. Including these sources of uctuations requires some nontrivial modications to the empirical specication. The empirical specication corresponds in this case to a panel vector autoregression (PVAR) instead of a PARDL model, and is given by
where
is the (growth of) a terms-of-trade index, and
is now a vector of endogenous variables that includes the (growth of) real GDP per capita (in constant 2000 US dollars) (GDP ), and the (growth of) real per capita aid ows (AID). Correspondingly, the parameters of the model are now matrices, denoted by A j , instead of scalars, and the structural interpretation of the results depends on the identication of the parameters of the contemporaneous matrix A 0 .
The main identication assumption of this empirical strategy is that the occurrence of natural disasters is exogenous. They are assumed to be acts of God that are unrelated to any present or past economic variable. Although the identication of the baseline model in equation (1) does not require further assumptions, identifying the impact of other shocks in model (2) require additional assumptions. Throughout the paper it is assumed that the terms-of-trade do not respond to the y variables at any lags but probably have a contemporaneous and lagged eect on them, which is equivalent to imposing a diagonal structure in all the A matrices. For the developing and small developed countries included in this study, these assumptions should be uncontroversial. The assumption is more debatable for the developed countries included, but the assumption is maintained to ease comparison across groups of countries and specications.
The aid ows are included in the y vector because they are likely to respond to a country's economic performance, and are identied by assuming a contemporaneous causal order among the variables included that is given by their position in the vector. This means that the A 0 matrix of contemporaneous relations among the y variables is assumed to be block triangular, which corresponds to assuming that output responds contemporaneously to changes in the aid ows, but the latter responds to changes in a country's economic conditions only after a year. 4 The models described in equations (1) and (2) correspond to a PARDL and PVAR, respectively, because they assume that the dynamics, represented by the dierent parameters and matrices, 4 For a discussion on the delays on aid allocation, see Odedokun (2003) are common across the dierent cross-sectional units (countries) included in the estimation, which are indexed by i. This is a standard assumption in this literature (see Broda (2004); Ahmed (2003) , Uribe and Yue (2006)) because, given the length of the time series dimension of the data (around 30 annual observations), it is not possible to estimate country-specic dynamics unless we reduce importantly the number of exogenous shocks under consideration, the number of lags, or both. However, as noticed by Robertson and Symons (1992) , and Pesaran and Smith (1995) , this assumption may lead to obtaining coecients that underestimate (overestimate) the short (long) run impact of exogenous variables if the dynamics dier importantly across countries. For this reason, I also check some of the results using the Pesaran and Smith (1995) mean group (MG) estimator, which they show to estimate consistently the parameters of the model.
The baseline specication in equation (1) (2007)) have estimated dierence stationary models, so this specication has the advantage of being directly comparable with the existing results. Finally, on a more pragmatic note, the estimated impulse responses are better behaved in the model in dierences than in alternative models specied in levels. Nevertheless, recognizing the low power of unit root tests I also present results for the model in levels as a robustness check.
Evidence on the order of integration of the other series included in the panel VAR version of the model is more ambiguous. Although in a majority of individual series the hypothesis of a unit root cannot be rejected, panel unit root tests are sensitive to the number of lags included. This sensitivity, however, largely disappears when testing for the presence of unit roots for the series in dierences, case in which there is also a large fraction of countries where the hypothesis of a unit root can be rejected, reasons for preferring to model the series in dierences.
Modeling the variables in rst dierences also requires testing for the possibility of cointegration, which is done using Pedroni (1999)'s test for cointegration in panels. The various statistics proposed by Pedroni (1999) yield somewhat ambiguous results, although in most cases the null hypothesis of no cointegration cannot be rejected (see Table 3 ). Moreover, Pedroni (2004) shows that for the sample characteristics that are closer to those used in this paper (N larger than T) the panelrho test, which systematically cannot reject the null of no cointegration, has the best size and power properties. Therefore, standard tests of unit root and cointegration suggest that the models should be estimated a in dierences and without cointegration relation. Nevertheless, because of the ambiguity of the tests, I also check the results after estimating the model in levels (which should yield a consistent albeit inecient estimator under the null of cointegration). Results will prove to be similar in both cases.
Standard lag tests suggest estimating the model including two annual lags (Schwartz information criterion). Three annual lags are also considered for robustness.
The parameters of the two versions of the model, estimated in reduced form by OLS (eq. [1])
or SURE (eq.
[2]) are used to recover the impulse-response functions (IRF) of per capita GDP to each of the structural shocks using the variance-covariance matrices of reduced form errors derived from these coecients. The condence bands for the IRF come from parametric bootstrapping on the model assuming normally distributed reduced form errors. 5
4 Results
This section presents the results from the estimation of the panel ARDL and panel VAR models described above in the sample of countries that have experienced at least one large climatic disaster since the 1950s. It rst describes the results on the sample as a whole and then presents results for sub-groups of the sample, split according to characteristics that have been mentioned to aect a country's vulnerability to disasters.
The output impact of natural disasters
The dynamic responses of output to the various types of natural disasters obtained from the estimation of the parameters of equation (1) Climatic disasters have, on average, a negative, statistically signicant impact on per capita GDP (Panel A), which has a cumulative decline of 0.6 percent after a large climate related catastrophe. In other words, in the long run, per capita GDP is 0.6 percent lower as a result of a single climatic event.
Most of the output cost (about 0.5 percent loss) occurs during the year of the disaster. In contrast, geological disasters do not have a statistically signicant output impact, and a slightly positive longrun associated point estimate (Panel B). Other types of disasters (which include famines, epidemics, etc.) also negatively aect output, with an estimated cumulative output loss of about 2 percent (Panel C) that is larger that that of climatic disasters, but less statistically signicant.
5 The procedure corresponds to repeating 100 times the following set of steps: (i) the estimated variance-covariance matrix of the reduced form errors is used to simulate a random realization of the perturbations; (ii) the initial values of the dierent variables, the baseline coecients, and the simulated perturbations are used to simulate a new set of observations for the variables in the VAR; (iii) a new set of coecients is obtained from these ctitious observations. Each set of coecients obtained from the bootstrapping procedure yields a dierent IRF; these IRFs are used to build the 90% condence interval by computing the Euclidean distance between each simulated IRF and the baseline one and taking those IRFs whose distance falls between the 5th and 95th .percentile.
A direct criticism of the results presented above is that they may be attributing to natural disasters the impact of other external shocks that are excluded from the model. A commonly cited source of external shocks is the variation in a country's terms of trade. Another potential problem with the baseline results is that the actual impact of the disasters may be compounded with the response of the international community in the form of aid ows. Results presented in Figure 5 , obtained from estimating the parameters of equation (2) (2007)). However, the gures also show that the impact of climatic and other disasters is qualitatively and quantitatively similar across specications. The results from the estimation of equation (1) were not driven by a spurious correlation between terms of trade shocks and the occurrence of specic disasters, nor were attenuated importantly by the responses of the international community in terms of aid ows. 6 All ndings documented above are also robust to changes in the number of lags used in the estimation and to the estimation of the model in levels instead of dierences. Panels A and B of Figure 6 show the dynamic responses obtained when using three lags in the estimation of the baseline model in dierences and in levels, respectively. In the latter case, the output level is treated as stationary, although the persistence of the response to the shocks indicates that this assumption is probably incorrect. Nevertheless, the output costs of dierent shocks, which in this case are given by the area under the dynamic response curves, are similar to those obtained in the baseline estimation (not reported).
As mentioned in section 3, despite its advantages in terms of increased degrees of freedom and power, pooled estimators may suer from important biases in presence of signicant parameter heterogeneity across cross-sectional units. Pesaran and Smith (1995) pointed out this problem and suggested using a mean group estimator to obtain consistent estimates of the model's parameters.
Their approach requires separately estimating the model's parameters for each cross sectional unit and averaging the estimated parameters, so it can only be implemented in the simplest version of equation (1) which includes only three groups of disasters. Adding more variables or lags yields individual models with too few degrees of freedom. Also, Pesaran and Smith (1995) 's approach relies on having a large number of cross sectional units, so it can only be feasibly applied to the whole sample of countries instead of the smaller groups considered later on. With these caveats, the results obtained from applying this approach, summarized in the dynamic responses depicted in Figure 7 show that the qualitative nature of the results is not aected by the pooling across large groups of countries. Quantitatively, however, most disasters have a higher impact according to this estimator, which indicates that the pooled estimator may suer from attenuation. The estimated cumulative output loss is in this case 1 percent of GDP for Climatic disasters and 5 percent of GDP for Other Disasters (residual category). If these results oer some indication of the magnitude of potential biases, they suggest that pooled estimators result in an attenuation of about 40 percent.
Therefore, while qualitatively correct, results from pooled VARs should probably be considered as conservative estimates of the impact of natural disasters.
The results reported in Figure 4 quantify the impact of a general climatic disaster. However, this category embeds dierent types of disasters that can arguably have dierent output consequences.
The dynamic responses of GDP per capita to various types of climatic disasters obtained from estimating the extended version of equation (1) The dynamic responses reported so far depict the output eect of a unique disaster occurring at time zero. This approach implicitly treats disasters as independent events across time, whose occurrence can be modeled as Bernoulli events. Because of the nature of catastrophes this is a reasonable assumption. However, in the case of climatic disasters it is possible to argue for some serial correlation in the incidence of disasters arising from climate cycles such as those associated with El Niño. In fact, the data show some statistically signicant serial correlation among Climatic disasters that is largely absent among other types of catastrophes (Table 4) . No signicant serial correlation among other types of disasters or cross-correlations across disasters is found in the data.
Because of the serial correlation of climatic disasters, an alternative exercise is to model the expected dynamic response of output to a climatic event taking into consideration that the event itself aects the probability of another event occurring in the future. Results allowing for serial correlation are much like those reported in the baseline case, although climatic and other disasters have slightly larger estimated output costs corresponding to 0.8 and 2.5 percent of per capita GDP, respectively (not reported).
All results above use a measure of the incidence based on the number of disasters occurring in a given year, regardless of the moment of the year the disaster takes place. In that sense, the output eects documented correspond to those of a disaster occurring at the sample average day of the year (i.e. the average of the day of the year when the dierent events included in the sample occurred). However, it might be argued that disasters occurring very late in a year may have little contemporaneous output eect and instead impact next year's reported GDP. Results reported in Figure 9 consider this possibility by using the weighted incidence measure described in section 3.
This gure, therefore, shows the dynamic responses of output to a disaster occurring on January 1st. It can be seen that the timing of the disaster makes a dierence: disasters occurring earlier in the year have a larger annual impact on the year of the incident. For instance, compared to a disaster occurring at the sample average day with a per-capita output loss of 0.6 percent, a climatic disaster occurring on January 1st induces a loss of about 1 percent. This timing eect should be kept in mind during the rest of the paper that follows the convention of reporting results for disasters occurring at the sample average day. The previous nding is not driven by potential biases in the pooled estimator, although the magnitude of the response partly does. When estimating the impact of disasters using the MG estimator there is a negative, but insignicant response of small states' output to climatic disasters, but the magnitude of this response is similar to the (signicant) response observed among other countries (not reported). The evidence, therefore, indicates that small states do not respond more than other countries to a general type of climatic disaster.
While not signicantly more sensitive to broad categories of disasters, the dierences documented above on the dierential impact of various types of climatic disasters suggest the possibility that small might be more sensitive to the impact of specic types of climatic disasters. This possibility is checked by opening the climatic disaster category into its components, and estimating the response of small states to these dierent climatic disasters. Less developed countries are also frequently considered as having more diculty in dealing with natural disasters because of budgetary restrictions. A government that is cash strapped can hardly gather the resources to respond to natural catastrophes. To explore the validity of these claims, results in this section present the dynamic response of output to various types of disasters for countries at dierent levels of income.
The results clearly show that low-income countries respond more strongly to climatic disasters ( Figure 11 , columns 1 to 3). Among these countries, a climatic disaster results in a cumulative per-capita output loss of about 1 percent, which is also statistically signicant at the 10 percent level during the initial years. For middle and high-income countries, climatic disasters result in cumulative losses of 0.5 and 0.25 percent respectively, the former also being statistically signicant at the 10 percent level. This dierence is also statistically signicant at 10 percent level.
Separately estimating the impact of dierent types of climatic disasters across income groups shows that the largest response of low-income countries to climatic disasters is mainly due to the large output impact that droughts have on this group (Column 4). A drought results in a cumulative output loss of 2 percent of GDP in low-income countries. The dierence is signicant only at 15 percent level, however. Poor countries also seem to respond much more strongly to episodes of extreme temperatures (not reported), but this result is based only on one episode, so it is not a robust pattern of the data. In contrast, there is no signicant response to any type of disaster among middle and high-income countries, although the impact of windstorms in middle-income countries is nearly signicant (not reported). 10 The stronger response of low-income countries to climatic disasters is not only driven by a higher share of agriculture in these countries GDP. While the share of agriculture is indeed larger in lowincome countries (38 percent versus 11 percent in the rest of the world), the response of low income countries to climatic disasters is larger even after controlling for the agriculture share of GDP. This is shown in Figure 12 that compares the cumulative output eect of climatic disasters among low and high-income countries with low and high shares of agriculture in GDP (above and below the sample median). While the impact of these disasters is clearly lower among countries with a small agricultural share, the output consequences are are always larger for low-income countries. Also, despite the wide condence intervals obtained for high (non low) income countries, the one sided test that the response is larger for low income countries cannot reject the null at the 10 percent level of signicance.
Does indebtedness matter?
A country's level of indebtedness is also frequently mentioned as a limit to its capacity to respond to disasters and, therefore, to the impact that catastrophes may have on output. Countries that have to service large amounts of debt have little scal space to quickly react to catastrophes and provide relief and reconstruction. Results comparing the dynamic responses of output to disasters for countries with dierent initial ratios of external debt to GDP (measured by the average ratio of external debt to GDP during the period [1975] [1976] [1977] [1978] [1979] [1980] show that this is not the case. 11
The results show no correlation between the level of initial indebtedness and the impact of various types of disasters ( Figure 13 ). The cumulative output loss of climatic disasters is almost identical for countries with initial debts below and above the median level of 30 percent of GDP.
In contrast to previous results, in this case opening for type of climatic disasters indicates does not change the qualitative conclusion (not reported). For no type of climatic disasters there is a clearly dierential response among more indebted countries.
It may be the case that only extreme debt levels amplify the impact of disasters. To check for this possibility, instead of comparing countries above and below the median level of indebtedness, the sample is divided in three groups of initial indebtedness dened by the 33rd and 66th percentiles of this variable. The results are largely unchanged (not reported), most indebted countries do not seem to exhibit a stronger output response to climatic disasters than countries with intermediate or low levels of debt.
Final Remarks
There is nowadays increasing concern about the consequences of the process of global warming on various aspects of economic performance such as a country's productive structure, environmental costs, costs of reducing emissions, and exposure to natural disasters. Disasters typically have devastating eects on physical and human capital, with losses as a percentage of GDP that easily reach 11 I use initial ratios to address potential endogeneity concerns on the relation between the incidence of disasters and indebtedness over the sample period. Ideally one would like to use ratios from before the sample period but this is inconvenient for two reasons. First, the sample of countries with debt information is already smaller than the overall sample, going further back in time reduces the sample even more. Second, in addition to the lack of data, many countries in the sample obtained their independence during the 1960s, it is unclear how these post-independence debt ratios have to be interpreted. two digits. However, from a welfare point of view it is especially relevant to assess the cost of catastrophes in terms of forgone output and consumption, more than determining their impact on the stocks. This paper uses a broad set of data to quantify the cost of natural disasters, especially those related to climatic events, in terms of GDP per capita. The results indicate that disasters have modest but economically meaningful output consequences, resulting on a decline in output per capita of about 1 percent. To x ideas, this is larger than the typical impact of terms-of-trade shocks, which are frequently considered as important sources of uctuations. The paper also shows an increase in incidence of these disasters of about 30 percent in the last decades, which implies an increased expected output cost of about 0.3 percent of per capita GDP.
It is important to highlight in these nal remarks that these estimates come from a semistructural model that does not cover all the potentially relevant macroeconomic variables. This means that the estimated output responses are conditional on the endogenous responses taken to alleviate their consequences. Although the paper shows that the most obvious of these responses in terms of foreign aid ows reduces only marginally the impact of the shocks, it is not possible to extrapolate these results to other palliative measures coming, for instance, from local government spending. The estimates are therefore an accurate description of the reduced form cost of disasters but probably a conservative estimate of the cost that would be observed in the absence of any mitigation eort. The figure displays the average incidence (number of disasters per year) of climatic disasters (windstorms, floods, droughts, and extreme temperatures) around the world. Different shades indicate thata c ountry belongs to different quartiles of the distribution of incidence. Darker shades indicate a higher incidence as detailed in the enclosed desciprion in the figure. [ The different figures show the estimated cumulative (per capita) output effect of a time zero, one standard deviation orthogonal shock to the variable indicated at the top of the figure (solid lines) and its 90 percent confidence interval (broken lines), except for the cases of Climatic, Geological, and Other disasters, which report the cumulative impulse response to the occurrence of one of these events. The time horizon is in years. Panel A reports the results of regressions of each disaster incidence measure (at the top of the column) on the other two broad measures and a set of country fixed effects. Panel B runs similar regressions of each disaster incidence measure on two of its lags and a set of country fixed effects. *, **, and *** denote significance at the 10, 5, and 1 percent, respectively. 
